Increasing use of commercial herbicide for weed control during the last 50 years has resulted in serious ecological and environmental problems. Public awareness and demand for environmentally safer herbicides with less persistence and less contaminating potential make searches for new weed control strategies (Olofsdotter et al., 1995; Einhellig, 1996; Seigler, 1996; Narwal, 1999) .
Plants produce a hundred of secondary compounds. Many of these compounds are phytotoxic and have potential as herbicides or templates for new herbicide classes (Duke, 1986; Putnam, 1988; Gross and Parthier, 1994; Inderjit, 1996) . Only a fraction of these compounds have been evaluated their herbicidal or bioregulator activity (Dodge, 1987; Einhellig and Leather, 1988) . Although much research has been conducted to evaluate the pharmacological effects of lemon balm (e.g. Van den Berg et al., 1997; Tagashira and Ohtake, 1998) , information about the allelopathic system of the plants is limited. Recently, the possible allelopathic potential of an aqueous acetone extract obtained from shoots of lemon balm was reported (Kato-Noguchi, 2001 ). The objective of this research was isolation of allelopathic substances in the acetone extract of the lemon balm shoots. 
MATERIALS AND METHODS

RESULTS
AND DISCUSSION
The neutral fraction (3.8 g) of an acetone extract obtained from 30-d-old lemon balm shoots (1 kg fresh weight) was subjected to a chromatography on silica gel, and the biological activity of the eluted fractions was evaluated by the cress bioassay (Fig. 1) . Inhibitory activity was detected in fractions 5 to 7 (elution with 40-60% ethyl acetate in n-hexane), fractions 9 to 10 (elution with 80-90% ethyl acetate in n-hexane), and fraction 12 (elution with methanol), respectively. However, the activity in fractions 5 to 7 was much greater than those in fractions 9 to 10, and fraction 10.
Fractions 5 to 7 were combined, evaporated and the residue was further purified by TLC. Inhibitory activity was detected in the fractions of Rf 0.3 to 0.5 in the cress bioassay (Fig. 2) . The active residue was passed through C18 Sep-Pak cartridges and the activity was detected in Fig. 1 ). Other conditions were as described in the legend to Fig. 1 (Rice, 1984; Putnam and Tang, 1986; Inderjit, 1996 neighboring or successional plants (Rice, 1984; Einhellig, 1996; Seigler, 1996) . In the present research, three growth-inhibiting substances were found by silica gel column chromatography from the neutral fraction of the acetone extract of 30-d-old lemon balm shoots (Fig.1) . Most active substance was purified and isolated by TLC, C18 Sep-Pack cartridge and reverse-phase HPLC (Figs. 2 and 3) , although the active component was not characterized. These results suggest that lemon balm shoots may contain at least three growth-inhibiting substances. These substances may be released into the environment under certain condition and may act as allelochemicals to other plants (Rice, 1984; Einhellig, 1996; Seigler, 1996) . For identification and characterization of the growth-inhibiting substances, large-scale purification of the inhibiting-substances in lemon balm shoots is now underway.
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